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OBJECTIVE: The purpose of this investigation was to
examine the association of body mass index (BMI) category
with short-term outcomes in minority surgical patients—a
relationship that previously has not been well characterized.
METHODS: Data from the National Surgical Quality
Improvement Program were used to calculate the BMI of
minority patients undergoing surgery from 2005 to 2008.
Patients were stratiﬁed into 5 BMI classes. Stepwise
logistic regression was used to calculate odds ratios for
mortality after controlling for known clinically relevant
covariates.
MAIN OUTCOME MEASURES: Morbidity and mortality at
30 days, across all 5 BMI classes.
RESULTS: Among 119,619 minority patients studied, 50%
were African American, 36% Hispanic, 10% Asian and
Paciﬁc Islanders, and 4% American Indian and Alaskan
natives. Seventy percent were overweight or obese.
Women were more likely to be obese or severely obese.
The overall mortality rate was 1.5%, and this varied
signiﬁcantly by BMI class. Distribution of 30-day mortality
demonstrated a progressive decrease, with the highest risk
of death in the underweight class, and the lowest risk of
death in the severely obese class. This relationship was
maintained, even in patients with at least 1 major
postoperative complication.
CONCLUSION: The prevalence of being overweight or
obese was high in this nationally representative cohort of
minority surgical patients. Although BMI class is a
signiﬁcant predictor of 30-day mortality, the effect appeared
paradoxical. The poorest outcomes were in the
underweight and normal BMI patients. Severely obese
patients had the lowest risk of mortality, even after
experiencing a major postoperative complication. Journal
of Hospital Medicine 2012;7:117–123 VC 2011 Society of
Hospital Medicine.
Obesity affects all segments of the American popula-
tion. However, it imposes a larger burden and poses a
greater threat to minority populations.1 The increase
in overall prevalence of obesity and obesity-related
diseases are especially pronounced in ethnic minor-
ities,2 and the outlook for minorities who develop
obesity-associated diseases such as stroke and chronic
renal disease is worse than in their Caucasian
counterparts.3
Despite the higher prevalence of obesity in ethnic
minorities, the majority of research on the relationship
between body mass index (BMI) and mortality has
been conducted among Caucasians in the United
States. This is due largely to the small number of mi-
nority participants in most studies, which makes for
low statistical power.4
A curious epidemiologic paradox has been the
observation, in many studies, that black adults have
lower morbidity and mortality associated with obesity
compared to Caucasians.5 In fact, some authors sug-
gest that high BMI among black and other minorities
may not be as strong a risk factor for mortality as it
is in others.6,7
Very few studies have speciﬁcally examined the con-
tribution of BMI to postoperative outcome in a large
cohort of minority patients.8,9 Similarly, the authors
are unaware of any previous studies describing the
clinical relevance of being overweight and obese in
minority patients undergoing surgery. Therefore, the
primary objective of this observational study was to
describe the prevalence of overweight and obesity in a
large cohort of minority surgical patients, and the
impact of BMI class on their postoperative outcome.
Our a priori hypothesis was that obese minority surgi-
cal patients would have a poorer postoperative out-
come and have higher 30-day all-cause mortality than
normal weight individuals.
METHODS
Study data were derived from the Participant Use
Data File of the American College of Surgeons (ACS)
National Surgical Quality Improvement Program
(NSQIP) for the calendar years 2005 to 2008. This
multi-institutional (186 participating centers) report-
ing system was designed to provide risk-adjusted sur-
gical outcome data from throughout the United
States.
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The methodology for collecting these data, including
their accuracy and reproducibility, has been detailed in
previous publications.10,11 It is brieﬂy reviewed here.
Dedicated nurse clinical reviewers at each hospital pro-
spectively enrolled patients and collected data in a
standardized fashion according to strict ACS-NSQIP
deﬁnitions. A systematic sample was obtained by taking
the ﬁrst 40 cases per nurse reviewer on an 8-day cycle
from the operating room log, ensuring that no particu-
lar operating room day block time would bias the
weighting of cases. Nurse reviewers had completed
comprehensive training regarding deﬁnitions and data
extraction, as well as continuing education and moni-
toring through the ACS-NSQIP program. They are
assessed for inter-rater reliability during biennial site
visits. Information was obtained from patient medical
records, physician ofﬁce records, and telephone inter-
views. Patients were followed through their hospital
course and after discharge from hospital up to 30 days
postoperatively. A high level of accuracy and reproduci-
bility of the data have been previously demonstrated.12
Race was deﬁned as African American, Hispanic,
Asian or Paciﬁc Islander, or American Indian/Alaskan
native, as identiﬁed by the clinical care provider, or
within the medical record. Patients were excluded if
race was coded as white, or not recorded. We also
excluded patients with missing record of height and/or
weight. The ﬁnal study cohort consisted of 119,619
minority patients. We then computed BMI as weight
in kilograms divided by the square of the height in
meters (BMI ¼ kg/m2). Patients were classiﬁed as
underweight (BMI 18.5 kg/m2), normal weight (BMI
¼ 18.6-24.9 kg/m2), overweight (BMI ¼ 25-29.9 kg/
m2), obese (BMI ¼ 30-39.9 kg/m2), and morbidly
obese (BMI 40 kg/m2) in accordance with National
Institute of Health (NIH) standards.13
Outcomes
The primary outcome was death within 30 days of
the index surgery. Secondary outcomes were the
occurrence of major or minor complications. Major
complications were grouped as the occurrence of at
least one of following: organ space infection, wound
disruption, sepsis or septic shock, bleeding requiring
transfusion, postoperative pneumonia, delayed ventila-
tor wean, unplanned reintubation, myocardial infarc-
tion, deep venous thrombosis, cardiac arrest, coma,
acute renal failure, progressive renal insufﬁciency, and
return to the operating room. We then computed a
composite morbidity variable deﬁned as the occur-
rence of 1 or more of these major postoperative com-
plications. Minor complications included occurrence
of urinary tract infection, superﬁcial surgical site
infection, and superﬁcial thrombophlebitis.
Statistical Analysis
Data analysis was carried out with SPSS v.16.0 (SPSS,
Chicago, IL). Basic descriptive statistics, including
means, standard deviations, and percentages were cal-
culated for demographic and anthropometric data.
Prevalence of overweight and obesity were described
as simple proportions and compared along gender
lines. Pearson’s chi-square analysis of categorical vari-
ables and 1-way ANOVA of continuous variables
were used to examine baseline clinical and periopera-
tive differences between BMI categories. Pair-wise
comparisons, with the normal BMI class serving as
the reference, were performed using the Bonferroni
multiple comparison of means method. The overall
mortality rate was calculated as well as the distribu-
tion of mortality across BMI classes. We also com-
pared mortality rate in patients who developed at
least 1 major postoperative complication—deﬁned as
failure to rescue14 across the BMI classes.
Multivariate logistic regression models were ﬁtted to
the data to explore the relationship between BMI cat-
egory and death within 30 days of surgery. Odds
ratios for 30-day all-cause mortality were calculated
in the BMI categories using the normal BMI group as
reference. The following characteristics were included
in the model as covariates based on a priori statistical
signiﬁcance or clinical relevance: age (<65 years vs
65 years), American Society of Anesthesiology
(ASA) status (I-II vs III), racial groups, and urgency
of surgery (elective vs emergent). Other covariates
included the presence of multiple medical conditions
(coded as yes or no), surgical complexity, need for
reoperation, reintubation, and preoperative functional
status. A model ﬁt was measured with the Hosmer
and Lemeshow test.15 All reported P values were 2-
sided and a P value of 0.05 was considered to be
signiﬁcant.
RESULTS
The study cohort included 119,619 surgical patients
(Table 1). Their mean (standard deviation [SD]) age
was 50.4 (16.9), and the mean (SD) BMI of 30.3 (8.9)
kg/m2 was in the obese range. The overall prevalence
of high BMI (overweight or obese) was 70.8%. A
very small proportion, 2.7%, of patients was classiﬁed
as underweight. Sex-stratiﬁed demographic and behav-
ioral characteristics differed signiﬁcantly across all the
variables in our study cohort. Men were more likely
to be overweight, whereas women were more likely to
be obese or severely obese. A majority (77.4%) of the
patients were non-elderly adults (<65years) under-
going elective (85.9%) surgical procedures. The mi-
nority patients in this study were African American
(50%), Hispanic (36%), Asian and Paciﬁc Islander
(10%), and American Indian and Alaskan native
(4%).
The distribution of baseline preoperative clinical
characteristics by BMI class revealed many signiﬁcant
differences (Table 2). Age was signiﬁcantly different
among the BMI classes, with the severely obese group
being about 8 years younger than the underweight or
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normal weight group. Similarly, severely obese
patients were more likely to be women, less likely to
smoke, more likely to be hypertensive, diabetic, have
a history of dyspnea at rest, and more likely to belong
to high ASA class. On the other hand, underweight
patients were more likely to have disseminated cancer,
be current smokers, consume more than 2 alcoholic
drinks per day, have active chronic obstructive pulmo-
nary disease (COPD), and have ascites. They were
also more likely to be on dialysis and have cardiac
disease, as well as a history of stroke. Urgency of sur-
gery also varied signiﬁcantly across the BMI catego-
ries, with the underweight group having the highest
incidence of emergency surgery (20.6%) and the
severely obese group being the least likely to present
for emergency surgery (8.2%).
Perioperative outcomes according to BMI classes
documented signiﬁcant differences (Table 3). Work
relative value unit (Work RVU, a measure of surgical
complexity), as well as total anesthesia and operation
time decreased in a stepwise fashion across the BMI
classes to the obese group, followed by increase in
these parameters in the severely obese group. Follow-
ing a decrease to the normal BMI category, there was
a positive association between BMI and the incidence
of postoperative superﬁcial and deep wound infection,
as well as wound disruption.
There was a negative association between BMI class
and the likelihood of postoperative sepsis, septic
shock, reintubation, delayed ventilator wean, and
postoperative pneumonia. Similarly, the proportions
of patients who developed postoperative acute renal
failure, cardiac arrest, and those who required postop-
erative blood transfusion or needed reoperation,
decreased signiﬁcantly across the BMI classes, with
the highest proportion of cases being in the under-
weight group and the lowest in the severely obese
group. Overall composite morbidity was twice as high
in the underweight compared to the severely obese
group.
TABLE 1. Baseline Demographic Characteristics
Including Major Surgical Specialties of a Minority
Surgical Population
Baseline
Characteristics
All Patients
(N ¼ 119,619)
Men
(N ¼ 44,922)
Women
(N ¼ 74,695) P Value
Age (yr) 50.46 16.9 51.66 17.1 49.6 6 16.7 <0.001
Age 65 yr 22.6 25.5 20.8 <0.001
Current smoker 22.2 28.8 18.2 <0.001
>2 Drinks/day 37.6 4.1 0.8 <0.001
BMI 30.36 8.8 28.46 7.3 31.4 6 9.5 <0.001
Underweight 2.7 2.9 2.6 0.001
Overweight 29.2 35.5 25.4 <0.001
Obese 28.8 24.9 31.2 <0.001
Severely obese 12.8 6.2 16.8 <0.001
Ethnic categories
Black 50.4 48.0 51.7 <0.001
Hispanic 36.2 38.2 35.2 <0.001
Asian* 9.7 10.3 9.3 <0.001
American Indian† 3.6 3.5 5.8 <0.001
Surgical specialties
General surgery 77.9
Vascular surgery 10.3
Orthopedics 4.0
Gynecology 3.4
Urology 1.1
Others! 3.3
NOTE: All values are percentages unless otherwise stated. Abbreviation: BMI, body mass index. * Includes
Asians and Paciﬁc Islanders. † Includes American Indians and Alaskan natives.
TABLE 2. Baseline Patient Characteristics by BMI Categories
BMI range (kg/m2)
Characteristics
Mean 6 SD or (%)
P ValueUW (18.5) NW (18.5-24.9) OVW (25-29.9) OB (30-39.9) SevOB (40)
Age (yr) 53.4 6 19.3 51.1 6 18.4 51.86 16.9 50.46 15.5 45.2 6 13.4 <0.001
Female 59.8 56.7 54.4 67.5 81.7 <0.001
Current smoker 32.1 25.6 22.1 20.4 17.1 <0.001
>2 Drinks/day 4.1 2.7 2.2 1.6 0.7 <0.001
Hypertension 41.7 38.4 44.0 51.0 56.0 <0.001
DM (insulin or oral agents) 12.5 13.1 16.4 22.3 26.3 <0.001
COPD 7.7 3.3 2.5 2.7 2.5 <0.001
Dyspnea at rest 10.5 7.1 7.2 9.9 20.2 <0.001
ASA III 59.0 39.5 35.6 39.8 62.2 <0.001
Emergency surgery 20.6 17.6 15.2 11.9 8.2 <0.001
Active CHF 2.2 1.3 1.1 1.1 1.1 <0.001
Recent MI 1.1 0.8 0.8 0.6 0.4 <0.001
Recent angina 1.2 1.1 1.1 1.2 0.7 <0.001
Disseminated cancer 4.3 2.5 1.6 1.3 0.6 <0.001
Recent 10% weight loss 15.2 4.2 1.7 1.0 0.5 <0.001
Ascites 4.4 2.1 1.2 0.9 0.5 <0.001
Currently on dialysis 9.7 6.7 4.9 4.1 2.9 <0.001
Stroke history 5.6 3.5 2.9 2.6 1.3 <0.001
NOTE: Emergency surgery was considered to exist when the anesthesiologist and the attending surgeon document a case to be ‘‘emergent’’ in the anesthesia record and the operative report.
Abbreviation: ASA, American Society of Anesthesiologists; BMI, body mass index; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; MI, myocardial infarction; NW, normal
weight; OB, obese; OVW, overweight; SD, standard deviation; SevOB, severely obese; UW, underweight.
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There were 1758 deaths among the study’s 119,619
patients, resulting in an overall mortality rate of
1.5%. The overall major complication rate was
13.8%. The distribution of total mortality rate as well
as mortality in patients with at least 1 major postop-
erative complication across BMI classes revealed con-
sistent differences (Figure 1). Over the entire range of
BMI classes, there was a progressive, stepwise
decrease in the proportion of deaths with increasing
BMI. This pattern also occurred among patients who
developed at least 1 major postoperative complication,
indicating a reduced likelihood of death after a major
complication. This is reﬂective of a reduced likelihood
of death after a major complication (failure to rescue)
with increasing BMI.
Multivariate logistic regression deﬁned a number of
factors associated with 30-day mortality (Table 4).
The Hosmer and Lemeshow goodness-of-ﬁt test for
this model was not statistically signiﬁcant (v2 ¼ 17.8,
df ¼ 8, P ¼ 0.23). High ASA physical status was asso-
ciated with high odds of mortality. Speciﬁcally, when
controlling for the other covariates in the model, ASA
status was associated with a 5-fold increased relative
odds of death (adjusted odds ratio [OR] ¼ 5.30; 95%
conﬁdence interval ¼ 4.96-5.79, P < 0.001). Simi-
larly, occurrence of 1 or more major postoperative
complication was associated with 6-fold increased rel-
ative odds of mortality. The paradoxical effect of BMI
category observed on univariate analysis was main-
tained in the multivariate model. Speciﬁcally, under-
weight patients had the highest relative odds of mor-
tality, while severely obese patients had the lowest,
compared with patients at a healthy weight (Table 4).
Interestingly, smoking had no signiﬁcant effect on the
odds of mortality after controlling for other factors.
Similarly, the speciﬁc racial group and the timing of
the surgical intervention had no signiﬁcant effect on
mortality.
TABLE 3. Perioperative Outcomes According to BMI Categories
BMI (kg/m2)
Events
Mean 6 SD or (%)
P ValueUW (18.5) NW (18.5-24.9) OVW (25-29.9) OB (30-39.9) SevOB (40)
Work RVU 16.3 6 9.5 14.56 9.1 14.0 6 8.4 13.8 6 7.9 17.36 9.1 <0.001
Anesthesia time (hr) 2.76 1.9 2.56 1.7 2.56 1.6 2.56 1.6 2.76 1.5 <0.001
Pre-incision time (min) 35.9 6 21.3 33.16 21.1 33.2 6 22.5 32.5 6 19.3 34.96 21.1 <0.001
Operation time (hr) 1.86 1.6 1.66 1.4 1.76 1.4 1.76 1.4 1.86 1.2 <0.001
Transfused intra-op 12.8 7.1 5.3 4.4 2.9 <0.001
Superﬁcial wound SSI 2.9 2.5 2.6 2.8 3.1 <0.001
Deep wound SSI 1.5 0.7 0.8 0.9 1.0 <0.001
Wound disruption 1.5 0.6 0.6 0.6 0.7 <0.001
Post-op sepsis 5.7 2.9 2.2 2.1 2.0 <0.001
Septic shock 3.1 1.7 1.3 1.2 1.1 <0.001
Reintubation 3.8 1.8 1.2 1.0 1.0 <0.001
Delayed ventilator wean 5.5 2.8 2.1 2.0 2.0 <0.001
Pneumonia 4.3 2.1 1.3 1.2 1.2 <0.001
Cardiac arrest/CPR 1.5 0.7 0.5 0.4 0.4 <0.001
Urinary tract infection 3.4 1.8 1.5 1.6 1.6 <0.001
Post-op ARF 2.1 1.1 0.8 0.9 0.7 <0.001
Return to OR 11.2 6.9 5.8 5.5 4.9 <0.001
Post-op coma 0.4 0.2 0.1 0.1 0.1 <0.001
Post-op transfusion 1.6 0.7 0.5 0.4 0.5 <0.001
Composite morbidities 25.2 15.3 13.0 12.8 12.1 <0.001
NOTE: Work relative value unit (Work RVU) is a scale (0-95) to quantify the amount of work involved in a speciﬁc surgery based on pre-procedural, intra-procedural, and post-procedural time; technical skill; physical effort; mental
effort and judgment; and stress due to potential risk. It is the work portion of the resource-based Relative Value System adopted by Medicare to quantify the amount of work involved in each medical procedure. A score of 0 ¼
least complex, and 95 ¼most complex.
Abbreviations: ARF, acute renal failure; BMI, body mass index; CPR, cardiopulmonary resuscitation; NW, normal weight; OB, obese; OR, operating room; OVW, overweight; SD, standard deviation; SevOB, severely obese; SSI,
surgical site infection; UW, underweight.
FIG. 1. All-cause death rate and death after at least 1 major complication
stratiﬁed by BMI categories. There was progressive stepwise decrease in
mortality across the BMI categories even in the presence of 1 or more major
postoperative complication. Death rate increased signiﬁcantly across all of
the BMI group with the occurrence of 1 or more major postoperative
complication, although the increase was least pronounced in the higher BMI
categories. Abbreviation: BMI, body mass index.
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DISCUSSION
In this large, study of minority surgical patients, the
impact of BMI on the 30-day morbidity and mortality
was unexpected. The working hypothesis was that
overweight and obese patients would have a worse
outcome after surgery. However, contrary to this hy-
pothesis, the lowest all-cause mortality rate was found
in the severely obese (BMI 40 kg/m2) group in both
men and women. Death rates decreased progressively
in a stepwise fashion from the underweight to the
severely obese group. Similarly, even in patients who
developed at least 1 major postoperative complication,
the likelihood of death was still negatively associated
with BMI. This negative association of mortality with
BMI was observed despite the higher prevalence of
chronic diseases, such as hypertension, diabetes, and
dyspnea at rest, in the increasing BMI classes.
Controversy remains regarding the association
between BMI and mortality, in particular about the
shape of the curve for the association between BMI
and mortality. Epidemiologic studies have variously
described J-shaped, U-shaped, monotonic, or linear
relationships.16,17 In the surgical population, a reverse
J-shaped relationship between BMI category and mor-
tality has been described.18,19 Sometimes this is
referred to as ‘‘obesity paradox’’ or reverse epidemiol-
ogy: a trend whereby overweight and moderately
obese patients have better outcomes and lower risk of
death than leaner patients.18 This phenomenon is par-
ticularly well described in adult20 and elderly heart
failure and hypertensive patients.21 Many of these
studies either had very few minority patients,21 or
mortality pattern was not analyzed along ethnic lines.
Few studies10 have focused exclusively on minority
surgical patients. Some investigators have determined
that high BMI in black adults may not be as impor-
tant a risk factor for mortality6,7 as in whites. Our
data suggest that among minority surgical patients,
the relationship appeared to be a downward trend in
mortality from low to high BMI, thus revealing the
obesity paradox. This pattern was evident even in
patients who developed 1 major complication in the
postoperative period, suggesting that high BMI also
protects against ‘‘failure to rescue’’—or death after a
major complication.
Despite decades of research, the mechanisms under-
lying the obesity paradox remain speculative.20,22.
Many have posited that adiposity may confer protec-
tion against cytokines and various inﬂammatory medi-
ators in heart failure patients by the production of
‘‘buffering’’ lipoproteins.23,24 It is conceivable that
similar protection against inﬂammatory response to
surgical tissue trauma is operational in minority
patients with high BMI. Another possible reason for
the obesity paradox is the clinical presentation and
disease progression at the time of surgery. Perhaps,
similar to the observation in obese patients with heart
failure,25 obese minority patients are symptomatic at
an earlier stage of their disease than lean patients,
making for earlier diagnosis and treatment. Thus, obe-
sity may simply be a marker of less severe disease at
the time of presentation.
Obese patients may also be more aggressively moni-
tored and treated in the perioperative period than lean
patients, because of the general perception that they
are a high-risk group.10 This may partly explain the
decreased likelihood of ‘‘failure to rescue’’ with increas-
ing BMI in our patients. Increased vigilance and
prompt treatment of complications should reduce the
overall morbidity and mortality rate in this group. It is
also conceivable that a ‘‘therapeutic selection bias’’ is
operational in the patients we studied. This describes
scenarios where relatively healthy obese minority
patients were operated upon, while sicker, morbidly
obese patients were denied surgery due to perceived
prohibitive risks. However, we would have expected a
higher proportion of severely obese patients to present
for emergency surgery, which is contrary to our ﬁnding
of the lowest incidence of emergency surgery in the
severely obese group. It is also possible that severe obe-
sity may be associated with a higher attrition rate, such
that the extremely obese patients did not live long
enough to present for surgery. This is somewhat likely,
given the signiﬁcantly younger age of the severely obese
patients in our study cohort. It is, however, impossible
to determine survival effect from a cross-sectional hos-
pital-based study design. Clearly, mechanisms used to
explain the obesity paradox in minority surgical
patients are likely to remain speculative, owing to the
interaction of several factors such as concomitant
comorbidities, disease progression at the time of
TABLE 4. Predictors of 30-Day Mortality Derived
From Logistic Regression Performed on 119,619
Minority Surgical Patients
Variables in
the equation
Coefﬁcient
(b)
Wald
(v2) P Value
Odds
Ratio 95% CI
ASA status III 1.67 233.0 <0.001 5.31 4.96-5.79
Emergency operation 0.89 241 <0.001 2.43 2.17-2.72
Reoperation 0.77 155.9 <0.001 2.10 1.91-2.44
Reintubation 0.4 51.4 <0.001 1.63 1.41-1.82
Dependent functional status 1.2 422.5 <0.001 3.44 3.01-3.79
Cumulative comorbidity* 0.09 12.37 <0.001 1.18 1.03-1.14
Major POP complication† 1.8 686.1 <0.001 6.43 5.59-7.39
Age 65 yr 0.56 95.3 <0.001 1.75 1.56-1.96
Work RVU 0.17 49.7 <0.001 1.02 1.01-1.02
Severely obese Reference 1.00
Underweight 0.76 30.9 <0.001 2.13 1.63-2.78
Normal BMI 0.42 15.4 <0.001 1.52 1.23-1.87
Overweight 0.28 6.9 0.009 1.33 1.08-1.65
Obese 0.19 2.86 0.091 1.20 0.97-1.49
Dyspnea 0.41 40.0 <0.001 1.51 1.33-1.72
Active CHF 0.60 39.6 <0.001 1.83 1.52-2.21
Chronic renal failure (dialysis) 0.70 102.2 <0.001 2.01 1.76-2.30
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; CHF, congestive heart
failure; CI, conﬁdence interval; Work RVU, Work relative value unit.
* Cumulative comorbidity refers to the presence of 3 or more medical diagnoses.
†Major POP complication indicates the occurrence of 1 or more major postoperative complication.
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presentation, patients’ weight history, and regional fat
distribution.
The current study conﬁrms the ﬁndings of previous
investigators26 about the importance of reducing major
postoperative complications in surgical patients. While
this may seem axiomatic, it deserves reiteration because
the risk of postoperative mortality increases consider-
ably in all the BMI categories following 1 or more
major postoperative complication. However, it is not
clear why obese and morbidly obese patients had a
lower incidence of ‘‘failure to rescue.’’ This may be
related to greater physiologic reserve in the obese and
morbidly obese group, especially because patients in
the higher BMI groups were signiﬁcantly younger than
the normal weight or lean patients. For the same rea-
son, these younger, severely obese patients may have
been more aggressively monitored and treated, thereby
increasing the likelihood of being ‘‘rescued’’ following
a major complication. It is also possible that the lower
proportion of emergency procedures performed in
obese and severely obese groups was somewhat protec-
tive, especially because emergency surgery was an inde-
pendent predictor of overall mortality in this cohort of
patients. In fact, when we stratiﬁed the patients accord-
ing to urgency of surgery and explored the bivariate
relationship between BMI category and mortality (data
not shown) among those undergoing urgent surgery,
the geometrical distribution of mortality did show a
reverse-J pattern with the highest proportion of cases
in the underweight group, declining in the normal BMI
and overweight group, and increasing steadily in obese
and severely obese group. To this end, caution should
be exercised when interpreting the association of BMI
group with postoperative mortality for procedures per-
formed as an emergency.
Smoking and antecedent illness are 2 confounding
factors commonly criticized in studies attempting to
associated BMI with mortality. This is because smokers
tend to weigh less and have higher mortality rates than
nonsmokers. The present investigation did not ﬁnd a
signiﬁcant contribution of smoking to mortality when
other factors included in a logistic regression model
were considered. The current study’s ﬁndings are con-
sistent with those of previous data in African American
patients,27 and contrasts with the excess mortality
described in currently smoking Caucasian men and
women.28 It is possible that smoking is not an imp-
ortant effect modiﬁer when considering the relevance
of BMI to postoperative mortality in minority patients.
Study Limitations
Although considerable information on several periop-
erative variables existed, there was a lack of detailed,
disease-speciﬁc clinical information for the individual
surgical procedures. Likewise, information was
unavailable regarding the process of care, such as de-
cision to operate, when to operate, and intraoperative
and the postoperative care, which are some of the fac-
tors that may determine postoperative outcome. Simi-
larly, we did not have information on surgical experi-
ence or hospital caseload, both of which are known
to affect postoperative outcome.29
In addition, the anthropometric parameters used to
calculate BMI for this study are self-reported values.
Although directly measured height and weight values
are preferable for calculating BMI, previous studies
have shown that correlations between BMI based on
measured height and weight and that based on self-
report are typically greater than 0.9.30 Given the
reported strong correlation between self-reported and
measured anthropometric parameters, the reporting
error on the observed association between BMI and
mortality in our study is likely minimal. The limita-
tions of BMI as a measure of adiposity is well
described.31,32 This study had no information on body
fat distribution, which has been shown to have a
direct correlation with mortality when BMI did not.33
Additionally, documented weight may be less accurate
in the extremely obese group in that they may not
have been weighed, either at home or in the hospital,
due to lack of adequate weighing scales.
Conclusions
This study demonstrated that among minority surgical
patients, higher BMI categories were associated with
lower risk of postoperative death. This relationship
was maintained, even in patients who developed 1 or
more postoperative major complications, such that
obese and severely obese patients had better survival
compared with underweight and healthy weight
patients. Mechanisms underlying this paradoxical sur-
vival advantage deserve further elucidation. It is im-
portant to emphasize that our ﬁndings in no way di-
minish the long-term dangers associated with
excessive adiposity, but may serve to discard the pre-
conceived notions that overweight and obese minority
patients have poorer outcome after surgery than lean
patients.
Disclosure: Nothing to report.
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